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iMiiDiL  AND  aurrs*  mactioii-trb  piiPAiATioii  or 

(ntTROUHZOYL-BENZOIC  ACID  AND  BBllIOPBBIIOlfB. 

8v  C.  K.  RiTaiDcii  AMD  N  C.  U<'a. 
Hwriwi  9*htmrr  30,  I«l4. 

( >rthob«.>nzoyl-b«.'nzoic  acid  had  been  prepared  hy  si  vt-ral  invntigatara 
but  was  first  prepared  by  means  of  the  reaction  between  phtlwtic  aahy- 
drkle.  bmiene  and  aluminiutii  chkirkle,  by  Pnidel  and  Ctafls.^  Heller* 

showed  that  the  aluminium  chloride  was  not  a  ratalytic  a^ent  and  that  a 
g<MKi  yield  depended  on  the  phthalic  anhydride  and  the  aluminium  chlor- 
ide being  used  in  the  proportion  of  their  formula  weights  (using  AliClt). 
In  a  later  article  Heller  and  Shiilke"  suggested  that  the  reaction  m^t  be 
represented  as  taking  place  in  two  stages : 

CsH«0.  +  CH,  +  AW:i,  CH^OtAliCkCH,  CmH,-  .,AWCk+  Wtl. 
the  latter  compound  with  hydrochloric  acid  giving  cirtht4)en»oyi  tuiMuic 

acid.    Heller  obtained  a  yield  of  93'^,' ,  or  counting  in  the  recovered  phthalic 
acid  97'^ i,  and  in  two  experiments  obtained  0.87  mol  and  o      mol,  rt 
spectively,  of  hydrogen  chloride  for  each  mol  erf  phthalic  anhydride  used. 
Heller  also  states  that  i:  one-half  the  usual  amount  of  aluminium  rhloridr 
is  used  the  yield  is  reduced  to  less  than  one-half. 

The  following  experiments  on  the  preparation  of  orthobe.izoyl-benzoii- 
acid  and  benzophenone,  using  varying  quantities  of  the  reagents,  were  be- 
gun by  the  first  named  author  and  finished  by  the  second. 

The  ahuninium  chloride  used  was  Kahlbaum's  "sublimed"  and  bad 
been  kept  in  sealed  bottles  in  the  laboratory  for  more  than  a  year;  jm- 
Uminary  experiments  tdiowed  that  this  gave  as  good  yields  as  were  ob- 
tained when  the  aluminium  chloride  had  been  freshly  sublimed.  The 
phthalic  anhydride  and  benzene  were  obtained  from  the  same  firm  but  it 
was  found  better  to  resubtime  the  phthalic  anhydride. 

The  apparatus  consisted  of  a  flask  which  was  connected  with  a  reflux 
condenser  and  had  also  an  inlet  for  dry  air;  the  condenser  was  connected 
with  a  U-tube  contuning  cakium  diloiide  and  then  with  two  Liebig  bulbs 
containing  potassium  hydroxide  solution.  Dry  air  could  thus  be  drawn 
through  the  apparatus,  and  the  hydrogen  dilorsde  given  off  determined. 
Five  grams  <rf  pbthalic  anhydride  and  18-20  cc.  benzene  were  placed  in 
the  fla.sk  and  heated  until  the  anhydride  was  dissolved,  after  cooling, 
9  g.  aluminium  chloride  were  added  gradually ;  this  was  allowed  to  stand 

■  Ann.  ehim.  pkys..  (6)  14, 446  (t888). 

•  Z.  angai:  Chtm..  19,  669  (1906). 

•  Ber.,  41,  3627  (1908). 


Rt  n»m  temperatUR  for  one  hoar,  in  order  that  the  hydniRin  chloride 
sliould  not  Ix-  Kivtn  off  so  rapidly  as  to  prevent  complete  ahiorptioil  l« 
the  L-itbig  bullw,  and  then  the  flask  was  heated  on  the  water  bath  and 
kept  boiling  for  two  hoitra.  loo  cc.  ol  dilate  hydrmhloric  add  (20  cc. 
cam*.  Iiy*oAloric  acid  to  8ci  cc.  water)  were  added  t«>  the  cooled  cmtents 
of  the  flask,  the  Ixrnzene  distilled  off  with  steam,  the  residue  ijoled  to  o*. 
and  the  orthobenzoyl-beii/oic  acid  fiitired  <»ff;  this  was  washe«l  with  i-old 
water,  rcdissolved  in  s<idium  carbonate  and  precipiUted  with  hydrochloric 
acid.  In  this  way  we  obtained  a  c>6  97' ,  yield  with  no  phthalic  add  and 
never  more  than  a  trace  of  diphcnylphthalide. 

When  less  aluminium  chlcnide  was  used  both  phthalic  acid  and  diphcnyl- 
phthalide were  obtained.  The  diphenylphthalide  wa-s  separated  by  its 
inaotubility  in  scxlium  carbonate  solution  and  the  remaining  acids  were 
separated  by  extracting  the  benzoyl-benzoic  acid  from  the  phthalic  acid 
by  chlorcrform.  Small  quantities  at  the  two  adds  were  also  recovered 
from  the  first  f'ltrate  contcining  tin  aluminium  chloride. 

In  the  following  table  the  phthalic  acid  recovered  has  Ix-en  omitted 
and  the  hydrogen  diloride  has  been  expressed  in  formufai  wd^its  per 
Idrmnla  wdght  of  ahtminium  diloride  used  (AlgCk): 
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From  Nos.  1  3  it  will  be  seen  that,  using  the  proportions  of  the  re- 
agents indicated,  the  yield  of  ortholx-nzoyl-benzoic  acid  is  practically 
ccmstant  and  the  hydrogen  chloride  given  off  is  nearly  1  2  formula  weights 
per  formula  weight  of  alummhim  chloride  used.  There  is  no  difdienyl- 
phthalide  formed.  In  Nos.  4  6  using  half  the  amount  of  aluminium 
chloride,  the  yield  of  orthobenzoyl-benzdc  add  is  less  than  one-third 
and  not  so  constant  and  diphenylphthalide  is  found.  Nos.  7-9  show 
that  longer  boiling  materially  increases  the  yield  of  diphenylphthalide. 
In  Nos.  IO-I2  the  usual  proportions  of  the  reagents  were  used  and  after 


two  boon'  boiHnK,  additkmal  phi.;;.  tc  anhydride  was  added  and  b«>iltng 

continued  for  two  imur^.  It  i>.  ktuiwn  fri»m  Nds.  i  t,  that  th  ■>*■  prq)ara- 
tkms  would  have  yielded  nu  di|>hi-nylphtlialidc  at  tlie  end  of  the  first  two 
hours'  boiHng  and  would  have  given  a  97';;  yield  of  orthohenzoyl-bensoic 

aiicl,  s<>  that  t'  .  (Iiphi-iiv1])hthalidi'  olitaiiinl  must  haw  Ikiii  due  to  the 
action  of  tlu  additional  phthalic  anhydride  on  the  intermediate  con- 
pomd.   No.  I J  shows  that  incrawbig  the  amount  of  atumhmtin  rhlorkle 

priKluiTs  no  diphenylphthaiidc,  No.  14  that  iK'KinninK  with  a  small  anu  nit 
of  the  aluminium  chloride  and  increasing  it  during  the  cnu;  of  the  re- 
action docs  not  prevent  the  fonnation  of  dijrfienylt^haHde,  and  in  No.  15 

only  ont'-quarti  r  of  the  usual  amount  of  ahiniinium  cliloride  was  ttse<* 
and  till-  yield  of  ortholx-nzoyl-lK-nzoic  acid  was  very  small. 

Since  the  ('  nhenylphthalide  is  shown  to  be  produced  >>y  the  action  of 
he  phthalic      ^lydride  on  the  intermediate  product  ^^llich  would  have 
given  ortholy     )yl-lK'nzoic  acid,  experiments  were  made  to  sie  whether 
Other  ..cii'  annydrides  would  have  a  similar  effect. 

/rt.-  Twenty  grams  of  phthalic  anhyuride,  80  cc.  lK'nz;ne  and  18 
R.  al.  t'lnium  chloride,  boiled  for  two  hours,  then  i.vft  g.  succinic  anhy- 
dride :  kled  and  hoilinj;  continued  for  two  hours,  gave  1 1  g.  diphenyl- 
phthalide  and  not  more  than  a  trace  of  orthobenzoy I -benzoic  acid. 

F.xpt.  77.  -Fourteen  and  eight-tenths  grams  of  phthalic  anhydride, 
80  cc.  iK  iizi  ne  and  13  .  .?  g.  aluminium  chloride,  boiled  for  two  hours,  then 
10.2  g.  acetic  anhydride  added  and  boiling  continued  for  two  hours, 
gave  8.8  g.  diphenylphthalide  and  no  orthobenzoy Mx-nzoic  acid. 

Von  I'echnianii'  founil  that  in  tlii'  i)rei)aration  of  ortholx-nzovl-beiizoie 
acid  some  diphenylphthalide  was  found  and  he  also  states  that  diphenyl- 
phthalide may  be  prepared  from  orthobenzoyl-benzcHc  acid,  ahiminium 
chloride  and  benzene,  hut  that  a  Ixttcr  yield  was  obtained  from  tl«  mimd 
anhydride  of  orthobenzoyl-benzoic  and  acetic  acids. 

F.,pt.  18. — Seven  and  four-tenths  grams  of  orthobenzoyl-benzoic  acid, 
20  cc.  iHjnzene  and  9  r.  aluminium  chloride  were  boiled  for  two  hours 
and  gave  o.  i  g.  diphenylphthalide.  This  experiment  may  be  compared 
with  Experiment  1.^,  in  which  an  cxces.s  of  aluminium  chlcmde  was  used 
and  there  must  have  been  present  the  intermediate  compound  and  alum-'n- 
ium  chloride,  so  that  although  orthobenzoyl-benzoic  acid  with  aluminium 
chloride  will  give  a  small  quantity  of  diphenylphthalide  the  intermediate 
compound  with  aluminitun  chlmide  will  give  none  unless  an  acid  anhy- 
dride is  present. 

Iix})eriments  were  also  made,  along  the  same  line,  in  the  preparaticm 
of  '.  t  izophenone  from  benzoyl  chloride,  benzene  and  aluminium  cMoride. 
The  benzoyl  chloride  was  dissolved  in  benzene  and  powdered  aluminium 
chlcmde  added.   It  is  not  necessary  to  add  the  aluminium  chloride  grad- 
'Ber.,  14,  1863  (1881). 
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ually  when  a  la^  excess  of  benzene  is  used.  The  flask  was  heated  very 
gently  on  the  water  bath  for  20  30  minutes  and  when  the  evolution  of 
hydrogen  chloride  became  slower  the  temperature  was  raised  to  b<riling. 
Three  and  one-half  hours'  boiling  was  found  to  give  the  maximum  yield 
of  Ijenzophenone,  but  the  yield  of  hydrogen  chloride  was  so  variable  that 
records  are  not  given.  The  contents  of  the  flask  were  poured  into  200 
cc.  of  cold  water,  10  cc.  of  cone,  hydrochloric  acid  added  and  the  benzene 
distilled  off  with  steam.  The  benzophenone  was  then  extracted  with 
ether,  the  benzoic  acid  extracted  from  the  ethereal  solution  with  10% 
sodium  hvdroxide  solution  and  the  benzophenone  obtained  by  evapora- 
tion of  the  ether.  The  benztqihenone  so  obtained  was  pink  in  color 
but  was  not  further  purified,  as  distillation  would  have  involved  a  con- 
fflderable  and  variable  loss.  Small  quantities  of  benzoiAemme  were  also 
recovered  from  the  distillate  containing  the  benzene. 

Expt.  19  (in  dupUcate)  .—Twelve  and  one-tenth  grams  of  benzoyl  chloride, 
130  cc.  benzene  and  1 2.1  g.  aluminium  chloricte  gave  benzophenone:  12.8 
g. ;  1 2 . 8  g. 

Expt.  20  (in  duplicate).— Twelve  and  one-tenth  gramsof  benzoyl  chloride, 
130  cc.  benzene  and  6.06  g.  aluminium  chloride  gave  benzophenone: 

5  8g.;5  8g-  '     .      ^     ,     .  .  A  , 

Experiments  19  and  20  show  that  reduang  the  alummiun.  chloride  to 

one-half  reduces  the  yield  of  benzophenone  to  a  little  less  than  one-half. 
No  other  product  was  obtained  except  benzoic  acid. 

Expt.  21  (in  duplicate).— Twelve  and  one-tenth  grams oflienzoyl  chloride, 
I  cc.  benzene  and  1 2 .  i  g.  aluminium  chloride,  boiled  for  three  and  one- 
half  hours,  then  8.75  g.  phthalyl  chloride  added  and  boiling  continued 
for  three  and  one-half  hours  gave  benzophenone :  u .  2  g. ;  1 2  i  g. ;  and  di- 
phenylphthalide:  ,s.  i  g.;  4  »  g-  This  experiment  shows  that  the  addi- 
tion of  phthalyl  chloride  at  the  end  of  the  preparation  for  benzophenwie 
gave  diphenylphthalide,  without  materiaUy  reducing  the  yield  of  benzo- 

Expt.  22  (in  duplicate).— Eight  and  three-quarters  grams  of  phthalyl 
chloride,  130  cc.  benzene  and  6.5  g.  aluminium  chloride  gave  diphenyl- 
phthalide: 10.0  g.;  10. o  g. 

Expt.  2  J.— Eight  and  three-quarters  grams  of  phthalyl  chloride,  130  cc. 
benzene  and  6.5  g.  aluminium  chloride  boiled  for  three  and  one-half 
hours,  then  12 .  i  g.  benzoyl  chloride  added  and  boiling  continued  for  three 
and  cme-half  hours  gave  diphenylphthalide  (not  weighed)  but  no  benzo- 
phenone. 

Expt.  24.— Ten  grams  of  phthalic  anhydride,  100  cc.  benzene  and  12 .  i  g. 
aluminium  chloride  boiled  for  two  hours,  then  14  g.  phthalyl  chloride  added 
and  boiling  continued  for  two  hours  gave  diphenylphthalide:  14  g.,  and  no 
orthobenzoyl-benzoic  acid.    This  shows  that  phthalyl  chloride,  added 


at  the  end  of  the  preparation  for  orthobenzoyl-benzoic  acid,  acts  on  the 
Intermediate  compound  in  the  same  way  as  the  acid  anhydrides  and  gives 
a  much  better  yield  oS  diphenylphthalide. 

Expt.  25.  -Fourteen  grams  of  phthalyl  chloride,  loo  cc.  benzene  and  12 .  i 
g.  aluminium  chloride  boiled  for  two  hours,  then  10  g.  phthalic  anhydride 
added  and  boiUi^  continued  for  two  hours  gave  diphenylphthalide :  19 . 6  g. 
In  this  experiment  the  addition  of  phthalic  anhydride  has  somewhat  in- 
creased the  yield  of  diphenylphthalide  (compare  P^xperiment  22). 

Expt.  26. — Fourteen  and  eight-tenths  grams  of  benzoic  anhydride, 
150  cc.  benzene  and  20.5  g.  aluminium  chloride  boiled  for  two  hours  gave 
6.3  g.  of  benzophenone. 

Expt.  27. — Eight  and  three-tenths  grams  of  phthalic  anhydride,  100  cc. 
benzene  and  15  g.  aluminiiun  chloride  boiled  for  two  hours,  then  12.7  g. 
benzoic  anhydride  added  and  boiling  continued  for  two  hours,  gave  6  g. 
of  benzophenone,  and  diphenylphthalide  and  orthobenzoyl-benzoic  acid 
(not  weighed).  In  this  experiment  it  is  seen  that  tlie  benzoic  anhydride 
has  the  same  effect  as  the  other  add  anhydrides  but  gives  a  considerable 
yield  of  benzophenone  as  well. 

Summary. 

1.  Friedel  and  Crafts'  method  of  preparing  orthobenzoyl-benzoic  acid, 
as  used  by  Heller,  was  found  to  give  u  oy'^f  yield  and  nearly  i .  2  formula 
weights  of  hydrogen  chloride  for  each  formula  weight  of  aluminium 
chloride  used  (AUClg). 

2.  When  less  aluminium  chloride  is  used  the  yield  of  orthobenzoyl- 
benzoic  acid  is  very  much  reduced  and  diphenylphthalide  is  obtained, 
and  this  is  found  to  be  due  to  the  action  of  the  phthalic  anhydride  on  the 
intermediate  compound. 

3.  Succinic  anhydride,  acetic  anhydride,  benzoic  anhydride  and  phthalyl 
chloride  also  gave  diphenylphthalide  with  this  intermediate  compound. 

4.  In  the  preparation  of  benzophenone  from  benzoyl  chloride,  ben- 
zene and  aluminium  chloride,  reducing  the  amount  of  aluminium  chloride 
reduces  the  yield  almost  in  the  same  proportion  and  the  addition  of  phthalyl 
chloride  gives  diphenylphthalide,  withmit  materially  reducing  the  yield 
of  benzophenone. 

5.  Benzophenone  may  be  obtained  from  benzoic  anhydride,  benzene 

and  aluminium  chloride,  but  the  yield  is  not  good. 

6.  In  the  case  of  the  addition  of  benzoic  anhydride  to  the  preparation 
for  orthobenzoyl-benzmc  acid,  benzophencme  is  produced  in  addition  to 
diphenylphthalide. 

These  experiments  were  carried  out  under  the  direction  of  F.  B.  Allan. 
UmvaMiTV  or  Tobohto. 


